A recently discovered basal mustelid carnivoran, Kinometaxia guangpui gen. et sp. nov. , is described from the lower Miocene Tiejianggou Formation in the Danghe (Tabenbuluk) area of the northern Tibetan Plateau, north-western Gansu Province, China. The new Chinese form has a double temporal crest and roughened surface on the temporal area, a small orbit, a deep zygomatic arch, an anterolaterally expanded ectotympanic that fuses with the postglenoid process, and a lateral opening of the postglenoid foramen. These cranial morphologies suggest membership in the leptarctines, a group of markedly hypocarnivorous taxa mostly confined to the Miocene of North America. The rather hypercarnivorous dentition of the new Chinese form, however, is in sharp contrast to that of the traditionally defined leptarctines that have complex and quadrate M1s and P4s. Phylogenetic analysis suggests a sister relationship of the new Chinese mustelid and Schultzogale , and together they form a basal sister clade to the advanced leptarctines such as Craterogale , Leptarctus , and Hypsoparia . The Chinese form further expands the concept of the leptarctine clade and adds additional complexity to the early evolution of the Mustelidae. It bridges a morphological gap between European and North American taxa, and supplies an important piece to the puzzle of the zoogeography of basal mustelids. Furthermore, the new leptarctine helps to constrain the age of the Danghe strata, which has important implications for the timing of tectonic activity in the northern Tibetan Plateau.
INTRODUCTION
The subfamily Leptarctinae belongs to a unique group of mustelid carnivorans that possesses some of the most specialized morphologies among mustelids, including a massive skull with double temporal crests, a ventral process of the bulla, and a markedly hypocarnivorous, bunodont dentition related to a dietary adaptation of omnivory or even frugivory (Lim, 1999) . Members of the subfamily are mostly found in the Miocene of North America, except a single species in the Middle Miocene of Asia and possibly a few fragmentary remains in Europe. Generally considered to be near the basal part of the mustelid phylogeny (Qiu & Schmidt-Kittler, 1982; Baskin, 1998) , the closest known relatives of the leptarctine clade have been postulated to be European early Miocene stem mustelids, such as Paragale and Plesiogale (Schmidt-Kittler, 1981; Wolsan, 1993) , although the European forms are far too primitive to be closely related to the North American leptarctines.
The abrupt appearance of the leptarctines in North America has been regarded as an immigration event marking the beginning of the Hemingfordian North American Land Mammal age (Tedford et al. , 1987 (Tedford et al. , , 2004 Woodburne & Swisher, 1995; Hunt, 1996; Qiu, 2003) . As is often the case, exotic forms appearing in Europe or North America are generally assumed to have originated somewhere in Asia (Schmidt-Kittler, 1984) . It is thus especially gratifying to discover, in the early Miocene of western Gansu, a new basal leptarctine which possesses a unique combination of cranial and dental morphology that permits an evaluation of the phylogenetic relationships of basal mustelids in Europe, Asia, and North America. Our cladistic analysis reveals an unexpected complexity in the leptarctine clade, adding a hypercarnivorous dimension to what was formerly an exclusively hypocarnivorous clade, and establishes a phylogenetic connection between two basal leptarctines from North America and Asia.
Collected from the classic Tabenbuluk area near the town of Subei in north-western Gansu Province, the new leptarctine also helps to resolve the long-standing issue of the chronology of the Subei foreland deposits. The Subei strata straddle the eastern end of the Altyn Tagh Fault, a major left-lateral strike-slip fault that is an important mechanism in accommodating the crustal shortening and thickening, north-eastward extrusion, and uplifting of the northern rim of the Tibetan Plateau (e.g. Molnar et al. , 1987; Peltzer, Tapponnier & Armijo, 1989; Wittlinger et al. , 1998; Bendick et al. , 2000; Delville et al. , 2001; Tapponnier et al. , 2001; Yue, Ritts & Graham, 2001; Yue et al. , 2004) . The local stratigraphy has been the focus of intense investigations that have generated much controversy regarding the timing of the foreland deposits, and by extension, the timing and magnitude of the uplift of the northern Qilian Mountains (Wang, 1997; Guo & Xiang, 1998; Gilder, Chen & Sen, 2001 ; Van der Woerd et al. , 2001; Yin et al. , 2002) . Our new vertebrate fossils help to constrain the age of the Subei strata and thus have important implications for the timing of uplift activity in the northern Tibetan Plateau (Wang et al. , 2003a, c) .
MATERIAL AND METHODS
The new leptarctine material was collected from the Tabenbuluk area near the Danghe River (Fig. 1) , first discovered by Swedish vertebrate palaeontologist Birger Bohlin during the Sino-Swedish Scientific Expeditions in the early 1930s (Bohlin, 1942 (Bohlin, , 1945 (Bohlin, , 1960 . Fossil mammals collected from the Yandantu (Yindirte) locality form the basis of the late Oligocene Tabenbulukian Asian Land Mammal age (Li & Ting, 1983; Russell & Zhai, 1987; Tong et al. 1995) . Although Bohlin (1942 Bohlin ( , 1946 sensed the incongruity of Miocene taxa (such as Sayimys and ' Kansupithecus ') in an otherwise predominantly Oligocene fauna from the Tabenbuluk area, he was unable to place these Miocene taxa in a satisfactory stratigraphic framework due to the complexity in geology, and thus merely cautioned against such a possibility. Our own field studies have succeeded in teasing out from the formerly mixed assemblage an early Miocene Xishuigou Fauna that includes the leptarctine presented herein, as well as the still mysterious catarrhine ' Kansupithecus ', which is the only primate known from the northern edge of the Tibetan Plateau (Wang et al. , 2003a, c ) (see further discussion in 'Age of the Xishuigou Fauna' below).
Character analysis of the European basal musteloids is mostly based on the data matrix of Wolsan (1993) , supplemented by those of a few key taxa (e.g. Gazin, 1936; Petter, 1967; Beaumont, 1968; SchmidtKittler, 1981; Qiu & Schmidt-Kittler, 1982; Baskin, 1998; Lim & Martin, 2000) , as well as by our own personal observations. Cladistic analysis was performed using PAUP v. 3.1.1 (Swofford, 1993) . Character distributions were optimized using ClaDos v. 1.2 (developed by Kevin Nixon). Included genera: Leptarctus Leidy, 1856; Trocharion Forsyth Major, 1903; Craterogale Gazin, 1936; Hypsoparia Dorr, 1954; Schultzogale Lim & Martin, 2000;  and Kinometaxia gen. nov.
Institutional abbreviations
Emended diagnosis: Derived characters that distinguish the subfamily include skull with double temporal crests and roughened surface on the temporal area; short muzzle; small orbit; deep zygomatic arch; anterolaterally expanded ectotympanic fusing with the postglenoid process; a lateral opening of the postglenoid foramen.
Remarks: Although initially founded on isolated dental materials (Leidy, 1857) , the genus Leptarctus was eventually known by nearly complete cranial materials from the Snake Creek beds (Matthew, 1924 Tabenbuluk area cranial construction but a distinctly more primitive dental morphology, led Gazin (1936) to establish the new subfamily Leptarctinae. Subsequent workers (e.g. White, 1941; Dorr, 1954; Olsen, 1957 Olsen, , 1958 Olsen, , 1959 Zhai, 1964; Wagner & Reynolds, 1983) have demonstrated a moderate diversity of leptarctines in an increasingly wider geographical and geological range in North America. Two new genera -Mephititaxus White, 1941 and Hypsoparia Dorr, 1954 -were proposed along the way but they were generally regarded as congeneric with Leptarctus (McKenna & Bell, 1997; Baskin, 1998) . Qiu & Schmidt-Kittler (1982) first recognized the European Trocharion as a leptarctine and suggested the resurrection of Hypsoparia as a valid genus; the latter suggestion was endorsed by Lim (1999) . The addition of Trocharion considerably broadened the geographical distribution, but dentally leptarctines remain well-defined, with a unique, basined trigonid of m2 and large, quadrate P4 -M1 (Qiu & Schmidt-Kittler, 1982 Type locality: IVPP locality DH9910, N39 ∞ 29 ¢ 27.5 ≤ , E 94 ∞ 44 ¢ 00.7 ≤ , Xishui Gou, Subei Mongolian Autonomous County, Gansu Province (see Wang et al. , 2003c for map location). The specimen is preserved within a calcareous concretion in the alternating red and green mudstones and fine gravels of the basal part of the Tiejianggou Formation. The locality is within the lower part of a long sequence of deep red to orange mudstones and siltstones north of the main syncline of massive conglomerates.
Age and associated fauna:
The Xishui section produced 'Kansupithecus' and Sayimys, prompting Bohlin (1942 Bohlin ( , 1946 Bohlin ( , 1960 to speculate on a Miocene age, younger than his late Oligocene Yindirte Fauna a few kilometres to the west. Our own fieldwork in 1999 and 2001 yielded a small assemblage in and around the DH 9910 locality, which is probably the same as or close to Bohlin's 'Kansupithecus' locality and is now named the Xishuigou Fauna (Wang et al., , 2003a . Preliminary analysis suggests the presence of the following mammals in the new fauna: Platybelodon dangheensis , Turcocerus sp., Amphimoschus cf. A. artenensis, Heterosminthus intermedius (Wang, 2003) , Sayimys obliquidens, and 'Kansupithecus'. The overall composition suggests an age equivalent to the early Shanwangian mammal age in the early Miocene . Recent palaeomagnetic studies by Gilder et al. (2001) and Yin et al. (2002) placed the Tiejianggou Formation in C6n-C8n (26-19 Mya) and C8r-3r (33.5-27 Mya), respectively. Our own re-interpretation of their sections, based on faunal relationships, indicates a correlation of C6n-C4Ar (20-9.3 Mya) (Wang et al., 2003c) . Locality DH9910 is close to the bottom of the Tiejianggou Formation and corresponds to an age of about 19.5 Mya in the early Miocene (see further discussion in 'Age of the Xishuigou Fauna' below).
Etymology: Kina + metaxi, Greek for 'China' and 'silk', respectively, in allusion to the Silk Road along the foothills of the northern Tibetan Plateau. The species name is in honour of Mr Xie Guangpu, who discovered and collected this remarkable specimen.
Diagnosis: As one of the most primitive leptarctines, Kinometaxia possesses all of the derived characters for the subfamily (above diagnosis) that distinguish it from primitive mustelids such as Paragale and Plesiogale. Kinometaxia lacks the more advanced characters of Craterogale and Leptarctus, such as a ventrally projecting bulla, a P4 hypocone or internal cingulum, and a quadrate M1. Kinometaxia differs from Schultzogale in its larger size, better developed double temporal crest, laterally flared zygomatic arch, an inner chamber of the suprameatal fossa, a more reduced metacone on M1, and parallel anterior and posterior borders of M1.
DESCRIPTION

Skull
With the exception of the left bulla area and left zygomatic arch, the skull has suffered only minor distortion and the overall proportions are relatively intact. The size of IVPP V13057 is slightly larger than that of Plesiogale and is almost identical to that of Craterogale. Although the tip of the rostrum is missing, from the upper canine and forward, it is clear that the skull has a rather short rostrum and orbital region, followed by a relatively long braincase. This shortened rostrum is not accompanied by an elongated postorbital area, as in the European Paragale and the aquatic Potamotherium -the postorbital constriction is close to the postorbital process.
The right nasal is completely preserved and its posterior suture extends behind the anterior rim of the orbit and is at the same level as the maxillary/frontal suture. The forehead at this suture area is slightly domed and the skull roof above the orbit becomes flat posteriorly. The postorbital process of the frontal is moderately developed, larger than that in Plesiogale but smaller than that in Craterogale and Leptarctus. The postorbital constriction is not as deep as in Craterogale. The temporal crests start prominently from the postorbital processes. Throughout their course, the crests are formed from rounded ridges elevated above the dorsal surface of the skull, as is typical of leptarctines. The two crests converge posteriorly until the frontal/parietal suture and then widen again posteriorly. The temporal crest continues backward to merge with the lambdoid crest. The nuchal crest is very low and ventral to the temporal crests. In posterior view, the nuchal and lambdoid crests form a quadratic outline with a sharp corner where the temporal crest meets the lambdoid crest. Both occipital condyles are missing.
In lateral view, the skull has a slightly domed forehead at the anterior end of the orbit. Otherwise, the skull has a rather flat top. The infraorbital canal is moderate in size (3.7 mm in maximum diameter) and short in length (4 mm long). The anterior rim of the orbit is at the level of the P3 main cusp. The lachrymal forms a thin rim of the orbit and it flares forward to reveal a large lachrymal foramen. Although much of the zygomatic arch is lost, the jugal flares laterally near its anterior base above the P4 to give an impression that the zygomatic arch was laterally expanded (Fig. 3) . The depth of the zygoma below the orbit (in front of the postorbital process of the jugal) is also substantial (8.5 mm). Breakage just behind the postorbital process of the jugal also indicates a deep zygomatic arch, although much of the arch is missing. The temporal region of the skull is slightly roughened, more so on the right side than on the left, and small pits are more concentrated on the posterior aspect of the skull.
In ventral view, the palate is broad and the palatine protrudes forward at the midline. The posterior border of the palatine is broken but is at least 8.5 mm behind the M2 -more posteriorly expanded than in Plesiogale. A long remnant of the right postglenoid process indicates a tightly locked mandibular fossa to restrict the movements of the jaws in a parasagittal plane.
Basicranium
There is no alisphenoid canal. Although well inflated for a mustelid carnivoran, the bulla shows no indication of a ventral projection as seen in Craterogale and Leptarctus. On the better-preserved right bulla, the ventral surface appears to be slightly more inflated but its smooth ventral surface is far from being even a rudimentary process. The bulla is solidly built, especially in its anterolateral aspect, a feature that seems to be shared by all known leptarctines. The anterior crus of the ectotympanic sends an anterolateral spur to be fused with the posterior facet of the postglenoid process. This anterolateral spur partitions the exit of the postglenoid foramen into two openings. One opening is orientated ventrally and immediately medial to the anterolateral spur, as is the case for most caniform carnivorans, and the other opening is orientated laterally and lateral to the anterolateral spur (Fig. 4) . The lateral opening is significantly smaller, less than 50% of the diameter of the medial opening. Through breakage of the anterolateral spur during preparation, the canal leading from the lateral opening is clearly seen to merge with that from the medial opening. The function of this partition is not clear. In canids, the retroarticular vein emerges from the postglenoid foramen and there is no immediate branch near the foramen (Evans & Christensen, 1979) . The paroccipital process is broken on both sides. The basal part on the right side indicates a posteriorly orientated process completely free from the posterior face of the bulla. The posterior carotid foramen is located in the mid-range of the bulla and about 4.5 mm forward from the posterior lacerate foramen. The mastoid process is small, in contrast to the ventral expansions in Craterogale and Leptarctus.
There is only a very short external auditory meatal tube. The meatus faces anterolaterally. Preparation within the right external auditory canal reveals no suprameatal fossa for much of its length. The posterolateral corner of the left ear region is missing, and the breakage plane runs from the base of the paroccipital process through half of the external auditory meatus. This presents an opportunity to prepare further than is possible on the right ear. Near the innermost rim of the meatus, a small suprameatal fossa is revealed. This halfmoon-shaped fossa is located at the posterior aspect of the meatus along the innermost rim of the meatus. Toward the posterolateral aspect of the suprameatal fossa, the fossa leads to a narrow canal that dives into the surrounding mastoid bone. Again, the natural breakage permits preparation along the canal that leads to a tiny chamber. The lateralmost aspect of the chamber is broken off, leaving only the proximal half intact. The suprameatal fossa thus consists of two parts: an outer fossa located at the posteriormost aspect of the auditory meatus and an inner fossa deeply buried within the mastoid bone. Connecting the two fossae is a narrow neck with a triangular cross-section (Fig. 4) .
Teeth
Dentally, the canine alveoli indicate a strong upper canine. P1 is absent and there is no diastema between C and P2. P2 is double-rooted and has a single main cusp. A vague indication of a posterior cingulum is present on P2. P3 is also double-rooted and single-cusped with a similar suggestion of a very weak anterior and posterior cingulum. With its slender and long construction, P4 is closest to that of Plesiogale. The shearing blade has no carnassial notch. There is a low parastyle on the anterior tip of a welldeveloped anterior cingulum. A large, conical protocone is orientated anterolaterally and its anterior edge is slightly in front of the parastyle. Between the protocone and parastyle is a gentle notch. There is no lingual cingulum on the shearing blade. With a distinct, transversely broadened construction, the M1 is also very similar to that of Paragale. The paracone and metacone are distinct cusps, although the shortened anteroposterior distance places the two cusps in close proximity. The paracone is much the larger of the two, and labial to it is a large, dominant parastyle that forms a thickened lateral border of the tooth. There is no metastyle at the posterior corner. The protocone is a rounded, distinct cusp connected to the preprotocrista that ends at the base of the paracone. A postprotocrista is completely absent, and thus the M1 has a posteriorly open trigon. A weak internal cingulum surrounds the protocone. Similar to Paragale, but in contrast to Plesiogale, the anterior and posterior borders of the M1 are parallel to each other without an hourglass-shaped constriction in the middle.
COMPARISON
That Kinometaxia falls somewhere within a basal mustelid lineage seems reasonably secure. Its lack of a carnassial notch, loss of the P1, and a transversely elongated M1 are all derived characters for basal mustelids (Wolsan, 1993) . Within the generally recognized basal mustelids, however, no single genus can be readily identified with Kinometaxia.
The European late Oligocene Plesictis plesictis is probably the most primitive musteloid that has a dou-ble temporal crest (see Helbing, 1930) . However, Plesictis has several primitive features that are difficult to reconcile with Kinometaxia: an unshortened rostrum, a P1, a carnassial notch, a relatively long (anteroposteriorly) M1, and variable presence of an M2 (Wolsan, 1993) . Collectively, these characters present formidable difficulties to ally Kinometaxia with Plesictis. Similarly, several genera that are further down from Plesictis (sensu Wolsan, 1993) , such as Mustelictis, Stromeriella, and Bathygale, are far enough removed from Kinometaxia to be relevant only in a general context of outgroup comparisons.
Another European Miocene form with double temporal crests is Gaillardina transitoria (Gaillard, 1899) , which was placed within the Leptarctinae by Ginsburg (1999: 126) . However, the M1 of Gaillardina has none of the bunodont characteristics of a leptarctine, nor does it have the primitive mustelid condition of a slender M1, as in Paragale. Instead, it possesses a typical advanced mustelid upper molar with an expanded internal cingulum surrounding the protocone (Gaillard, 1899: pl. 2, fig. 7 ). Its double temporal crests are most likely developed independently from the leptarctines.
Dentally, Kinometaxia seems closest to Paragale and Plesiogale from the early Miocene of Europe. Both of these genera share with Kinometaxia a shortened rostrum, a lack of a carnassial notch, an absence of M2, and an anteroposteriorly short M1, derived features that characterize the basal musteline clade (Wolsan, 1993) . In the case of Plesiogale, some individuals may even lack a P1 and possess a slightly elevated temporal crest (Helbing, 1930; Beaumont, 1968; Wolsan, 1993) . Dental similarities between Paragale and Kinometaxia are even more striking, especially regarding their M1s, which share a transversely elongated talon, a nearly parallel anterior and posterior borders, a well-developed parastyle, and a lack of a postprotocrista.
Furthermore, Paragale and Plesiogale are at the same general stage of evolution as the leptarctines, in that their small suprameatal fossa is partially hidden in the mastoid process (Schmidt-Kittler, 1981; Qiu & Schmidt-Kittler, 1982) . However, Paragale is unlikely to be closely related to Kinometaxia because of the presence of a P1, an elongated postorbital area (behind the postorbital process of frontal), a single sagittal crest, long external auditory meatus, and shallow zygomatic arch (Petter, 1967) . The skull of Paragale appears to specialize in a direction similar to that of the aquatic Potamotherium, as suggested by Tedford (1976) . Plesiogale is also unlikely to be closely related to Kinometaxia because of its lack of a double temporal crest, less shortened rostrum (a long diastema between C and P2), less elongated posterior margin of the palatine, less expanded postorbital process of the frontal, and less transversely elongated M1. Lim & Martin (2000) recently described a primitive mustelid, Schultzogale inexpecta, from the Hemingfordian Shimek's Quarry of the Runningwater Formation of Nebraska. Despite its rather hypercarnivorous dental morphology, several features of Schultzogale, including the presence of prominent double temporal crests and relatively heavy zygomatic arches, have led the authors to consider it a basal leptarctine. Detailed basicranial anatomy of Schultzogale was not available in the initial description, but has subsequently been prepared and is in the process of being re-studied by Robert Hunt. Our own examination of the basicranium of Schultzogale reveals additional characters that may be relevant to leptarctine relationships and warrants further discussion below. However, besides the fact that Schultzogale is considerably smaller than Kinometaxia, the former differs from the latter in several important aspects of its cranial and dental morphology: the presence of a slight dome of the forehead, lack of a flared zygomatic arch, poor development of an external auditory meatus yet stronger fusion of the anterior crus of ectotympanic to the postglenoid process, much more reduced suprameatal fossa, and triangular outline for the M1 (see additional discussion below). Such differences in size and shape, together with their distant geographical locations, strongly suggest that the two lineages probably had a separate course of evolution for some time.
PHYLOGENETIC ANALYSIS
The unique combination of cranial and dental morphologies in Kinometaxia suggests the following derived characters for discussion of its phylogeny.
Double temporal crests:
The presence of two strong and elevated temporal crests into adult life and their associated rough temporal bony texture is certainly impressive in the leptarctines. However, this character is not unique among basal mustelids. Other known occurrences include Plesictis plesictis (Helbing, 1930) , Gaillardina transitoria (Gaillard, 1899) , and the living South-east Asian ferret-badger Melogale, in addition to the leptarctines. Thus, a certain amount of homoplasy must have existed in this character.
Ventral projection of bulla and transverse foramen:
The highly unusual development of an elongated ventral projection of the bulla and its associated transverse foramen through this projection is one of the most enigmatic characters of the leptarctines. This morphological complex is, as far as it is known, still unique among leptarctines. The presence of this process is exclusive to the advanced leptarctines (Crater-ogale, Leptarctus, and Hypsoparia). Such a highly apomorphic character, however, is of no help in resolving the relationships of the more primitive forms, such as Schultzogale and Kinometaxia, which show no sign of such a development.
Suprameatal fossa: This character complex in basal musteloids has been analysed in depth by SchmidtKittler (1981) and Wolsan (1993) . Although the overall trends within the musteloids seem to have been worked out reasonably well, conditions in Schultzogale and Kinometaxia do not readily fit into the existing schemes. Qiu & Schmidt-Kittler (1982) demonstrated that Leptarctus has reached the condition of mustelids, with a fossa partially walled-in anteriorly by the external auditory meatus. Kinometaxia and Schultzogale, on the other hand, appear to be more derived. As described above, the suprameatal fossa in Kinometaxia is much reduced and partitioned into inner and outer chambers connected by a narrow passage. The condition in Schultzogale is even more derived in its extreme reduction of this fossa to a tiny pit. If one accepts a continuous trend toward reduction of the fossa in advanced mustelids, the conditions in Kinometaxia and Schultzogale may be seen as an independent reduction within their own lineage.
Lateral opening of postglenoid foramen:
The presence of this lateral opening, in addition to the usual opening on the ventral side of the postglenoid foramen, appears to be a unique derived character of the leptarctines. This feature is clearly seen in Kinometaxia (above description), Schultzogale (pers. observ.), Craterogale (Gazin, 1936: fig. 1 ), and Leptarctus (Olsen, 1958: fig. 1 ). Judging by the amount of fusion of the lateral crus of the ectotympanic with the postglenoid process and the distance between the two openings of the postglenoid foramina, the condition in Kinometaxia is obviously the most primitive, with the shortest separation between the openings. That of Schultzogale is more derived and much closer to those in Craterogale and Leptarctus.
Deep zygomatic arches:
A massive zygomatic arch is unique within the advanced leptarctines. Problems arise, however, when evaluating transitional stages that blend into primitive conditions. As pointed out by Lim & Martin (2000) , Schultzogale has a relatively deep zygomatic arch for its size, measuring about 5 mm in depth near its anterior base. Most small mustelids, by contrast, have much shallower arches. That of Kinometaxia is mostly broken off. The remaining anterior base, however, suggests a rather deep arch, measuring 8.5 mm in depth. Furthermore, the anterior base of the arch is laterally flared. Such a lateral flexion appears to be characteristic of some leptarctines.
Loss of carnassial notch:
Although loss of the carnassial notch has long been recognized as common to all mustelids (Schmidt-Kittler, 1981) , Qiu & SchmidtKittler (1982) demonstrated that this condition may have been independently derived within the leptarctines. Their inclusion of Trocharion (which still has a remnant carnassial notch) as a basal leptarctine leads them to suggest this possibility. Kinometaxia has no carnassial notch, and the P4 on Schultzogale has suffered too much damage for us to be certain about this feature. If our inclusion of Kinometaxia and Schultzogale within the Leptarctinae is correct, that would call into question the purported independent loss of the notch within the leptarctines.
Hypocarnivorous dentition: The highly hypocarnivorous cheek teeth in Leptarctus are very distinctive, with their quadratic outlines and bunodont cusp patterns. Those in Craterogale, however, are substantially more primitive, and provide a good sense of a transitional morphology within the leptarctines. The transversely broadened M1 and elongated P4 in Kinometaxia and Schultzogale, on the other hand, are in sharp contrast to those in Craterogale and Leptarctus, and represent the greatest obstacle for their inclusion within the leptarctines. However, the dental patterns in Schultzogale and Kinometaxia may be viewed as morphotypical for basal mustelids, if one accepts the view that European late Oligocene to early Miocene forms, such as Plesictis, Paragale and Plesiogale, represent the most primitive members of the mustelid clade.
Between Kinometaxia and Schultzogale, it is difficult to judge which represents a more primitive condition. The M1 in Kinometaxia is quite close to that of Paragale with its parallel anterior and posterior borders, whereas the M1 in Schultzogale seems closer to that of Plesiogale, with a less reduced metacone, less transversely elongated and thus more triangular outline (extreme wear on the holotype of Schultzogale makes it difficult to recognize more detailed morphology).
From the above analysis of several key characters of basal mustelids, a general leptarctine relationship for Kinometaxia seems to emerge, although not all characters are completely consistent with one another. We thus subjected the relevant taxa to a cladistic analysis to further explore character evolution. Our 17 taxa by 31 character matrix (Table 2) is modified from that of Wolsan (1993) .
We eliminated from Wolsan's matrix four genera (Simocyon, Ailurus, Potamotherium, Angustictis) that are either known to be highly variable in their phylogenetic position (while having little relevance to the present study because of their more basal position in the musteloid phylogeny) or are in a relatively poor Table 2 . Data matrix for PAUP analysis. Characters 1-28 for outgroup through Plesiogale are modified from Wolsan (1993) . Two new states are added to character 9. 5: reduced suprameatal fossa; 6: loss of suprameatal fossa. We added five additional taxa: neomustelids (living mustelids plus their close relatives, see Baskin, 1998) Qiu & Schmidt-Kittler (1982) , Baskin (1998 ), Bryant, Russell & Fitch (1993 , and our own observations Initial PAUP analysis of the entire matrix yields 11 shortest trees with a length of 79 steps (Branch and Bound search method). A strict consensus of the 11 trees and a bootstrap analysis are shown in Figure 5 . Beyond the basal, unresolved bush is a fairly wellresolved crown group. Selective removal of certain ambiguous taxa further helps to resolve the relationships. For example, removal of Franconictis yields a single shortest tree with a length of 77 (Fig. 6) . The topology around the terminal part of the clade between Plesictis and Leptarctus is fairly robustmost searches tend to recover that part of the topology regardless of search options.
The Mustelidae clade (Mustelinae of Wolsan, 1993 ) is well supported by several synapomorphies: loss of carnassial notch, suprameatal fossa anteriorly enclosed, reduced M1 metacone, etc., characters that have been recognized before (Schmidt-Kittler, 1981; Qiu & Schmidt-Kittler, 1982; Wolsan, 1993) . Inclusion of Kinometaxia and Schultzogale in the Leptarctinae is supported by several derived characters that all leptarctines share: double temporal crests and rough temporal region of skull; short rostrum and loss of P1; small orbits; deep zygomatic arch; and a laterally expanded ectotympanic fused with the postglenoid process and postglenoid foramen divided into a ventral and lateral opening. The present recognition of a leptarctine affinity for Kinometaxia and Schultzogale implies that some of the characters traditionally used Figure 5 . A, strict consensus tree from 11 shortest trees (tree length = 79 steps) recovered using the Branch and Bound option in PAUP (Swofford, 1993) on a 17 ¥ 31 data matrix (Table 2) ; B, bootstrap analysis performed on the same data matrix. Numbers at the nodes indicate per cent bootstrap support from heuristic search based on 100 replicates. Only groups with a frequency of greater than 50% are retained. to define the subfamily Leptarctinae, such as ventral projection of bulla, highly robust zygomatic arch, wellfused external auditory meatus, and quadratic cheek teeth, occur only in the advanced leptarctines starting from Craterogale. The above relationship also implies that the European Trocharion should have a cranial morphology at least as advanced as Kinometaxia or Schultzogale.
AGE OF THE XISHUIGOU FAUNA
The Xishuigou Fauna containing Kinometaxia was recovered from the basal part of a long sequence of fine-grained red beds gradually coarsening to massive conglomerates, totalling more than 2700 m thick. Bounded both above and below by thrust faults (F0 and F1 in Fig. 1 ), this middle sequence of fluviolacustrine and overbank sediments was named the Tiejianggou Formation (Wang et al., , 2003a . Extensive faulting and folding may obscure the basic orientation of the strata (Bohlin, 1960) , and the lack of age-diagnostic fossils further compounds the problem of assigning an age to the Formation. Recent estimates either directly adopt Bohlin's late Oligocene assignment for the Yindirte Fauna as representative of the entire section (Wang, 1997) or use the Yindirte Fauna as a calibration point for palaeomagnetic sections (Gilder et al., 2001; Yin et al., 2002) , despite Bohlin's own suspicion that Miocene rocks were present (Bohlin, 1942 (Bohlin, , 1946 . Our own field studies indicate that the entire Xishuigou section does not contain the Yindirte Fauna and is early Miocene and later ( Fig. 1) Palaeoanthropologists have posited that the enigmatic primate 'Kansupithecus' originated in the early Miocene (Conroy & Bown, 1974; Conroy, 1978; Szalay & Delson, 1979; Harrison, Delson & Guan, 1991; Harrison, 1999) . Our discovery of Kinometaxia is consistent with this assessment. Phylogenetically, Kinometaxia is bracketed by its sister taxon, the North American Schultzogale, and its immediate stem taxa, the European Paragale and Plesiogale (Fig. 7) . The only known species of Schultzogale, S. inexpecta, is from the early Hemingfordian Shimek's Quarry in the Runningwater Formation of . The monotypic species Paragale huerzeleri, on the other hand, came from the late Aquitanian Montaigu-le-Blin locality in the Allier Basin of France (MN2a, . Two species of Plesiogale are presently recognized (Ginsburg, 1999) : P. angustifrons occurs in the same locality as Pa. huerzeleri, whereas P. postfelina is from the early Burdigalian Wintershof-West of Germany (MN3, . Using the earliest occurrences as minimum ages for each lineage, Figure 6 . Cladogram of basal musteloids. A single tree with a length of 77 was found using the Branch and Bound option in PAUP (Swofford, 1993) on a 16 ¥ 31 data matrix (Table 2) . Character distributions were optimized using ClaDos (version 1.2, Kevin Nixon). As ClaDos does not accept a matrix with two-state codings, we converted the two-state characters into a single derived state. Kinometaxia is bracketed within 19-22.5 Mya, a reasonable range considering that the taxa under investigation came from three different continents and all but one genus are so far known from no more than one or two specimens. Using the Xishuigou Fauna as a calibration point in our reinterpretation of the previously published magnetic column (Gilder et al., 2001) , Kinometaxia falls in the early Miocene, around 19.5 Mya (see also the 'Age of the Xishuigou Fauna' above). Our reinterpretation of the palaeomagnetic data places the Tiejianggou Formation in the 9.3-20 Mya range (Wang et al., 2003c) , which is substantially younger than all previous estimates (Wang, 1997; Guo & Xiang, 1998; Gilder et al., 2001; Van der Woerd et al., 2001; Yin et al., 2002) . Toward the top of the Tiejianggou Formation, around 11.5-10 Mya, is a long sequence of boulder conglomerates that signal a major phase of uplift of the Qilian Mountain.
BIOGEOGRAPHICAL REMARKS
Leptarctines have long been known to be part of the carnivoran fauna in the Hemingfordian through Hemphillian of North America (Leidy, 1857; Wortman, 1894; Stock, 1930; Gazin, 1936; White, 1941; Olsen, 1957 Olsen, , 1958 Wagner & Reynolds, 1983; Lim, 1999) . Outside North America, Zhai (1964) reported a Chinese species, Leptarctus neimenguensis, in the middle Miocene Tunggur Formation of Inner Mongolia. Subsequently, Qiu & Schmidt-Kittler (1982) recognized that the genus Trocharion from the Miocene of Europe (MN 5-9) belongs to a side branch of the leptarctines, thus establishing the presence of leptarctines on all northern continents (Fig. 7) .
The sudden appearance of Craterogale and Leptarctus in North America is part of a major immigration event in the early Hemingfordian (Tedford et al., 1987 (Tedford et al., , 2004 Woodburne & Swisher, 1995; Hunt, 1996; Qiu, 2003) . Leptarctus later gave rise to a number of species in the Barstovian through Hemphillian. The Chinese middle Miocene L. neimenguensis is morphologically close to some intermediate forms in the late Barstovian and early Clarendonian of North America (Wang, Qiu & Opdyke, 2003b) , offering strong evidence that this lone Chinese species migrated back from North America.
The earliest occurrence of Trocharion is from Vieux Collonges (MN 5, 17-15 Mya) of France, followed by later appearances in Neudorf-Spalte (MN 6), NeudorfSandberg (MN 6), La Grive Saint-Alban (MN 7), Steinheim (MN 7), Castell de Barberà (MN 9), and possibly Melchingen (MN 9) (Qiu & Schmidt-Kittler, 1982) . It thus appears that the North American records are somewhat older. This is also consistent with a more primitive dental morphology for Craterogale, which has no hypocone on its P4-M1 and a less quadratic M1 (Qiu & Schmidt-Kittler, 1982; Baskin, 1998) .
The newly described basal leptarctines -Schultzogale of the early Hemingfordian of North America and Kinometaxia of the Shanwangian of Asia -further complicate the zoogeographical patterns. A nearly simultaneous appearance of four genera of leptarctines -Schultzogale, Craterogale, and Leptarctus in North America, and Kinometaxia in Asia -suggests a much longer history of diversification of the subfamily prior to their appearance in the fossil record. Neither their phylogenetic relationships nor their chronological appearance offer a clear indication of the centre of origin for these early leptarctines. A higher diversity in North America may suggest an origin there, but may also be the result of far better sampling of the fossil record. Dental similarities between Paragale and (Ginsburg, 1999) , Trocharion from Vieux Collonges (MN 5, 17-15 Mya) of France (Qiu & SchmidtKittler, 1982) , Kinometaxia from the IVPP DH 9910 locality in the Tiejianggou Formation (Wang et al., 2003c) , North America leptarctines (Schultzogale, Craterogale, and Leptarctus) from the early Hemingfordian Runningwater Formation of Nebraska (Baskin, 1998; Lim & Martin, 2000) , and Leptarctus neimenguensis from the late Tunggurian Tairum Nor locality in the Tunggur Formation of China (Zhai, 1964; Wang et al., 2003b) . Open arrows pointing right and left indicate eastward and westward migration events respectively. Kinometaxia suggest a link to the European basal mustelids and offer a strong possibility that Eurasia was the centre of origin for the Leptarctinae.
